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INTRODUCTION

In response to a request of January 4, 1978, by Robert Courchaine, Chief,
Water Quality Division, and Roy Schrameck, District I Basin Engineer, a
water and sediment sampling survey was performed January 6, 1978, on the
settling lagoon system of the Pennwalt Corporation's West Plant located

in Riverview, Michigan and Monguagon Creek. Monguagon Creek serves as

the primary mixing zone and conveys Pennwalt's chemical waste and process
waters to the Detroit River from Outfall 006. The request was in response
to PEAS incident number 1445-77, in which Pennwalt lost an excessive, but
undetermined quantity of zinc-dibutyldithiocarbamate (dibutyl ziram) on
December 31, 1977 (Schrameck, 1978).

The primary purposg of the survey was to determine the extent of the loss
of—dftUtYT'EgFiﬁ_égnsidered a mutagen and toxicant to fish. Dibutyl ziram
is used in industrial processes primarily as a vulcanizing accelerator.

The Department's Office of Toxic Materials Control (OTMC) provided
information pertaining to a structural analogue zinc dimethyldithiocarbamate
(dimethyl ziram) since little information was known or available for

dibutyl ziram. Dibutyl ziram, a structural analogue of dimethyl ziram,

was considered to exhibit similar toxic and mutagenic properties as

dimethyl ziram.

The chemical evaluation on dimethyl ziram by OTMC places the compound on the
State's Critical Materials Register owing to its moderate toxicity and
mutagenicity to wildlife as well as a 96-hour LC 50 value of 0.008 mg/1 for
fathead minnows (McKee, 1971). Another characteristic of this compound is

that it is practically insoluble in water. It eventually breaks down in soils
under weathering conditions and, therefore, presumably under aquatic conditions.
Little is known as to the rate of breakdown associated under aquatic conditions.

The eventual breakdown products include amines, carbon disulfide (CS,) and
zinc (Zn). Information from OTMC indicates the latter two are also on the
Critical Materials Register. Analysis for the amine by-product was not
performed whereas Zn and CS, were used as indicators of the dibutyl ziram
compound.

a. (S, is slightly soluble in water at 20°C and exhibits a 96-hour
LC 50 of 35 ppm for perch (Dawson et al, 1970). It is extremely
volatile and flammable. Overall, CS,, itself, is considered
extremely toxic, in both aquatic and terrestrial conditions.

b. Zinc, another primary breakdown product, is considered toxic to
aquatic 1ife with reported 96-hour LC 50 values of 12.5 ppm for
bluegills (Dawson et al, 1975). 1It, as well as the parent compound,
is considered to have toxic, mutagenic and carcinogenic properties.

Again, for purposes of this survey and data evaluation, dibutyl ziram is
considered to exhibit the same characteristics as dimethyl ziram including
toxicity, carcinogenicity and mutagenicity.



PROCEDURES

The following individuals convened at the west plant for the sampling
survey on January 5, 1978:

*C. W. Gullickson - Pennwalt Corporation

Roy Schrameck - District I, Water Quality Division
Brian Reicks - District I, Water Quality Division

Mike Kramer - U.S. Coast Guard

Dave Page - U.S. Coast Guard

John Wuycheck - Biology Section, Water Quality Division

*Mr. Gullickson was present only during the in-plant survey (Stations 1-7).

Sampling stations (Figure 1) were selected that ootentially had been involved
in the subject incident of December 31, 1977. Observations (Table 1) were
made as well as the collection of water, foam and sediment samples in an
attempt to document the loss of dibutyl ziram and determine the area of
influence (Table 2). Analyses for other potential contaminants (Table 3)
were also performed.

Water and sediment samples were collected at all stations whereas foam samples..
were collected at Pond 1 (Station 2) and Pond 4 (Station 6), only. The foam
samples were taken for comparison with samples taken during the subject
incident (December 31, 1977). The analytical value of the foam samples was

not realized at the time of the survey. Both water and foam collections were
stored in 250 ml glass jars.

Sediment samples were collected at each sampling station from depositional
zones where the dibutyl ziram, having a specific gravity of 1.6, was
considered more likely to have been deposited. The samples were taken using

a cylindrical plastic scoop attached to a 3 to 6 m extendable handle. An
apparent beige colored material had been deposited onto the sediment surfaces,
particularly noticeable in Monguagon Creek that was considered attributable to
the dibutyl ziram loss. Samples were taken from the upper 5.0 cm of sediment
surface in an attempt to maximize the concentrations of this beige colored
material. It was unavoidable, in taking the samples, to collect a significant
amount of older sediments along with the more recent deposits layed down
during the subject incident.

At each station at least 5 sediment scoops were composited in a white porcelin
pan from which three aliquots were removed. Two aliquots from each station
were eacn olaced in a 250 ml glass jar for organic analysis with the remaining
aliquot placed into a 250 ml plastic whirlpack for metals analysis.

Precautions were made to prevent cross contamination between sampling sites.
A1l samples were stored at 4°C and returned, for analysis, to the Department's
Environmental Services Division Laboratory using chain of custody procedures.



RESULTS

Indirect analysis for dibutyl ziram was made using a CS, evolution method
(Keppel, 1971). Zinc analyses were also performed and with background

levels substracted dibutyl ziram concentrations were determined. Equivalence
factors (Table 2) were determined in order to calculate equivalent dibutyl
ziram concentrations based on the CS,, evolved and the zinc present in each
sample.

In none of the samples was there any "free" CS,. A1l the CS, determined for
each sample analyzed was released from the dibutyl ziram in each sample by
hydrolyzing each sample at the laboratory. The generated CS, was then
trapped and quantified.

Survey results (Table 2) for water samples obtained from Outfall 006

(April 5-6, 1978) by the Department's Point Source Survey Section (Boersen

and White, 1978) provided needed zinc and carbon disulfide background information
(Table 2) that reflects zinc and carbon disulfide concentrations in the

effluent uninfluenced by an ongoing dibutyl ziram production process. The dibuty]l
ziram production process had been shut down shortly after the subject incident and
the background data represents levels of zinc and CS, attributable to other
processes and/or influences by existing sediment conditions in the treatment ponds.

Table 4 represents zinc concentrations from the Company's MOR records that,
more than likely, reflect influence by the dibutyl ziram production process.
These concentrations in the effluent were discharged throughout the year 1977
and January 1978. MOR analysis results of water samples indicated zinc
concentrations exceeding those levels observed during the dibutyl ziram loss.
Table 5 indicates the total 1bs/year of ziram (both dimethyl and dibutyl ziram),
zinc and carbon disulfide reportedly discharged by the Company for the year
1977. This background information collectively provided a basis to evaluate
the water analysis data collected January 5, 1978 and accurately determine

the concentrations of dibutyl ziram in the water samples.

Based on observations alone, at least 15% to 25% of each sediment sample
collected from Monguagon Creek was composed of the beige colored precipitate
that was attributed to the dibutyl ziram loss. Corrected estimates of
dibutyl ziram equ1va1ents associated with the sediments are based on 20% of
the sediments being the beige precipitate (Table 2).

Other parameters measured in the water, foam and sediment samples are presented
in Table 3.

1. High concentrations of Zn and evolved CS,, used as indicators of the
presence of dibutyl ziram, were determined for the combined water-
foam samples of December 31, 1977, taken from Ponds 1 and 4. These
samples indicated that flows were high and that the treatment system
was unable to cope with this situation since CS, and Zn concentrations
were the same at both stations. No samples were taken in Monguagon
Creek at that time.

2. January 5, 1978, samples of the combined water-foam samples of Ponds 1
and 4, when compared with the December 31, 1977 samples, showed
CS, to be reduced by 80% and Zn concentrations reduced by 50% in
Pond 1. In Pond 4 concentrations of CS; were only reduced by 50%
whereas Zn concentrations doubled.
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10.

11.

In water samples taken below Qutfall 006 in Monguagon Creek CS.
was obtained in samples taken at Jefferson Avenue during the
January 6, 1978 survey that indicated the presence of dibutyl
ziram in concentrations of 1.75 mg/1.

Zinc in the water samples of January 5, 1978 indicated dibutyl ziram
equivalents of 13.9 mg/1 existed, after the loss, at Bridge Road
just above the confluence with the Detroit River.

Zn and evolved (S, concentrations were highest in the foam fraction
sampies indicating dibutyl ziram equivalents of 23,360 mg/1 and
155 mg/1, respectively in Pond 4.

The foam samples also contained the highest concentrations of the
other chemical parameters measured with the exception of phenols
and ammonia which appeared to be in equilibrium with the water
fraction.

CS; evolution from the sediment samples at the 2nd railroad bridge,
just below Outfall 006 indicated dibutyl ziram was discharged into
Monguagon Creek. The absence of CS, evolution from sediment samples
of Jefferson Avenue and Bridge Road indicated that the dibutyl ziram
compound had disassociated from the precipitate with eventual releast
of the CS, into the atmosphere from the water column.

A sample of frozen foam and settleable solids deposited on a
structural beam of the 2nd railroad bridge (Station 8-A) ca. 61.0 m
below Outfall 006 contained 98,000 mg/kg dry weight of zinc. This
material similar in appearance as the beige precipitate was believed
to have been deposited during the receding water conditions occurring
after the increased water levels and flows observed during subject
incident (December 31, 1977). This material was composed primarily of
zinc and contained no CS, more than likely due to breakdown processes
occurring during the 5-day period between the subject incident and
the January 5, 1978 survey and eventual evolution. Based on zinc
concentrations alone, estimated concentrations of 715,400 mg/kg dry
weight of dibutyl ziram were at one time present at this location.

Sediment samples from Ponds 1 and 4 showed that the sedimentation
system does reduce the concentrations of heavy metals and other
measured compounds discharged from Qutfall 006, but that sediment
concentrations of total copper, chromium and nickel were moderately
high with high zinc levels throughout Monguagon Creek to the
confluence with the Detroit River. (Based on EPA contamination
criteria for poliuted spoils).

The sediments throughout the Company's treatment system indicated
high concentrations of CS, considered attributable to the dibuty)

ziram that precipitated to the sediments during the period between
December 31, 1977 and Juruary 5, 1978.

The extensive foaming observed on December 31, 1977, was not evident
during the survey of January 5, 1978. Foan accumulations were
limited to the Company's Pond #4 as well as the slack water areas and
surface skimmers on Monguagon Creek at Jefferson Avenue.



DISCUSSION

On December 31, 1977 dibutyl ziram was discharged to the Company's
settling pond treatment system involving a surge of process water
resulting in excess foaming. This observed (Schrameck, 1978) surge

of flows and foam productions resulted in a significant reduction in
residence time necessary for treatment and containment causing excessive
discharges of dibutyl ziram contaminated foam and precipitate to Monguagon
Creek and Detroit River.

The dibutyl ziram lost during the subject incident (December 31, 1977) did

not immediately enter the water column but was incorporated into the foam
fraction at an estimated concentration of up to 10,950 mg/1 based on zinc
concentrations in foam sampies taken at Qutfall 006. Based on the water and
foam samples, it is indicated that the treatment system on December 31, 1977
was unabie to prevent the discharge of dibutyl ziram since extensive foaming
was observed in Monguagon Creek. It is, therefore, indicated that dibuty!l
ziram at concentrations of at least 10,950 mg/1 was discharged from Qutfall 006
during the observed high flows of December 31, 1977, primarily in the form

of foam.

The January 5, 1978 survey showed that the dibutyl ziram and/or breakdown
products, zinc and carbon disulfide, were still associated with the foam
fraction and that the disassociation of dibutyl ziram, as indicated by the
reduced concentrations of CS,, was occurring.

Zinc concentrations had increased in the foam fraction samples taken from
Pond 4 on January 5, 1978 when compared to the earlier samples of

December 31, 1977. Presumably this was due to decrezsed flows and turbulence
observed on December 31, 1977, along with the loss of gasses from the foam
matrix over the time interval. Based on water, foam and sediment samples
from the inplant sampling orogram (Stations 1 through 7) the dibutyl ziram
discharged from Outfall 006 was indicated to have been primarily associated
with the excessive foam produced.

Once discharged to Monguagon Creek the foam containing dibutyl ziram began
to breakdown and precipitate from the foam fraction due to reduced flows
and reduced turbulence. The dibutyl ziram in the foam complex then
precipitated into the water column producing the observed beige precipitate
that eventually covered the darker, older sediments.

The breakdown of dibutyl ziram appeared to have begun while in the foam
complex but also appeared to have taken place primarily after the dibutyl
ziram had precipitated into the water column once flows had decreased.

The precipitate then underwent further disassociation with the CS, fraction
peing released to the water column and eventually to the atmosphere due

to its low solubility and high volatile characteristics. This phenomena was
reflected by the apparent reduction or complete abserce of CS, in the water
and sediment samples taken at Jefferson Avenue and Bridge Road Downstream
of the discharge.

Compared to Company 1977 MOR water analysis data, zinc concentrations in their
effluent often exceeded levels documented during this subject incident and
indicates loss of undetected incidences that potentially involved dibutyl ziram.



RECOMMENDATIONS

That Pennwalt Corporation be held accountable for violating their

NPDES Permit by discharging excessive foam and suspended solids that
contained the toxic material dibutyl ziram during the December 31, 1977
loss.

That the Pennwalt Corporation seriously consider the implimentation of
a foam fractionation process in the treatment of their process waters.
Based on this survey, the foam fractions contained appreciably higher

concentrations of the parameters analyzed than did the water fraction.
Therefore, intentional foam production and removal would significantly
improve the quality of the effluent discharged to Monguagon Creek and

Detroit River.

Considering the exotic nature of the materials used and produced by
Pennwalt Corporation, a more thorough examination of effluent limitations
should be performed by the Department in order to determine a proper
effluent management program by the Company.

The Department should have Pennwalt Corporation dredge and properly
dispose of contaminated sediments from Monguagon Creek. Since Monguagon
Creek is potentially inhabitable by aquatic life including fish and
macroinvertebrates the existing.contaminated sludges and sediments would
provide unsuitable and potentially toxic habitat.
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Michigan Department of Natural Resources
Water Quality Division
June, 1980

An Evaluation of Stream Quality Problems in the
Vicinity of Jones Chemical, Monguagon Creek,
Riverview, Michigan

February, 1980

On February 12, 1980, Jack Bails, Chief, Environmental Enforcement Division,
requested by memo, an evaluation of the impacts of unpermitted discharges
from Jones Chemical on Monguagon Creek's sediments and aquatic organisms.

As requested, the stream was surveyed during the week of February 18, 1980.
The impacts of the large upstream Pennwalt Corporation discharge, were of
necessity, also evaluated.

FINDINGS

1. The discharge of very high concentrations (more than 1,000 mg/l) of
extremely toxic chlorine from Jones Chemical via an unpermitted discharge
has severely damaged Monguagon Creek. Macroscopic bottom dwelling stream
life was absent downstream from the discharge for at least 0.15 km
(kilometers). '

2. Toxic heavy metals nave been discharged from Jones Chemical as sediment
concentrations of zinc (18,000 mg/kg) and lead (920 mg/kg) were markedly
elevated below the discharge 2nd were also found at high levels in a
discharge sump a2t the facility.

3. One dead and one distressed fish (gizzard shad) were observed in Monguagon
Creek below the Jones Chemical discharge. No other fish were observed.

4. The potential for untreated human waste discharges to Monguagon Creek from

Jones Chemical was apparent as toilet tissue was observed in the unpermitted

discharge containing chlorine. High fecal coliform counts were also
found a* an in-plant sump connected with the discharge pipe.

5. Suspended solids in runoff from Jones Chemical were high (490 mg/l) and
formed an obvious deposit on the bottom of Monguagon Creek.

6. Pennwalt Corporation's discharge upstream of Jones Chemical is apparently
the major source of PCB's and oils in Monguagon Creek sediments, and is

also a significant source of toxic heavy metals. Most sediment contaminants

in areas impacted by the Pennwalt discharge exceeded the U.S. EPA "heavily
polluted™ levels for dredge spoils.

7. A visible sheen of oil was observed on Monguagon Creek downstream of the
Pennwalt Corporation's discharge (006) at all times during the study. This
is a violation of their NPDES permit No. MI0002381.

8. The Pennwalt Corporation's discharge caused some damage to Monguagon Creek

as indicated by the numbers, kinds and weight of macroscopic bottom dwelling

organisms.



9. Monguagon Creek, upstream of the Pennwalt Corporation and Jones Chemical
discharges, is a degraded stream with limited numbers and kinds of
bottom dwelling organisms. Oils and some heavy metals in these sediments
exceeded U.S. EPA "heavily polluted'" levels but were considerably lower
than those found downstream. Urban runoff, oil spills or unknown discharges
are possible sources for contaminants.

RECOMMENDATIONS

1. The discharge of chlorine and heavy metals from Jones Chemical to Monguagon
Creek should be eliminated or reduced significantly to acceptable concen-
trations. Sediments in this facility's stormwater runoff should be
controlled. Discharge of untreated human wastes to the in-plant sump should
cease.

2. The highly contaminated sediments should be removed from Monguagon Creek
from Pemnwalt'’s discharge to the Detroit River.

3. The Pennwalt Corporation's waste treatment should be upgraded to meet
NPDES permit limits.

4. A sediment and biological survey should be conducted upstream of this
Mongaugon Creek study area to determine other source(s) of sediment
contaminants.

METHODS

Stream bottom dwelling animals (benthic macroinvertebrates), s-diments, water
and selected discharges of concern in the lower reaches of Monguagon Creek

in the vicinity of Jones Chemical and the Pennwalt Corporation were sampled
from a boat on February 20, 1980. All samples were maintained in chain of
custody.

:ve stations were established (Figure 1). Station A was the most upstream

=z~ on (stream km 1.38) and located outside the area of impact of Pennwalt's
c.arge (:tation B - km 1.20). Station C (km 0.75) was immediately upstrearn..
¢: tne Jones Chemical discharges while Station D (km 0.68) was immediately
downstream. Statiom E (km 0.53) was further downstream where mixing appeared
complete and upstream of other discharges. Storm sewers and runoff from roads,
coal piles and the industrialized vicinity enter Monguagon Creek in the 0.53 km
before its confluences with the Trenton Channel (Detroit River).

PECNE ) |

U‘:(’

Water samples were handled and preserved according to U.S. EPA approved methods.
Analysis for fecal coliform bacteria and suspended solids were completed in the
Environmental Protection Bureau (EPB) laboratory in Lansing. Chlorine analysis
was completed at the nearby Wayne County Public Works laboratory because of
this element’'s instability over relatively short time periods.

Sediment and benthic macroinvertebrate samples were collected with a petite
ponar bottom grab (15 cm x 15 cm). A 250 ml wide mouth bottle of sediment was
collected, kept cool and returned to the EPB laboratory for analysis. Single
sediment samples were collected near midstream at stations where a point source
of pollution was judged not to have an effect along one streambank (stations A,
B and E). At stations £ and D a sediment sample was collected near each bank
(Figure 2).



Figure 1. Location and sampling stations on Monguagon Creek, Wayne County,
Michigan. February 20. 1980.
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Figure 2. Detailed sampling locations for water, sediments and benthic
macroinvertebrates in Monguagon Creek, Wayne County, Michigan,
February 20, 1980.
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Macroinvertebrate samples were collected on transects across Monguagon Creek.
Samples were coallected at points equidistant from the streambanks and each
other along the transect. Three macroinvertebrate samples were taken where
the stream was reiatively narrow (stations A, B and E) while five samples were
collected at stations C and D.

Samples taken with the ponar bottom grab were emptied into a small plastic tub

to facilitate sample transfer into plastic/bags. Samples were kept cool and
returned to the Water Quality Division Biology Laboratory where they were

washed in a U.S. Standard 30 mesh sieve bucket the following day. Sample remains
after sieving were placed in widemouth quart jars and preserved with formalin.
Animals were later removed from the sample using a 4x sorting lens, identified

and counted with the aid of a dissecting microscope and weighed. All values

have been multiplied by a correction factor (43) to convert raw data to

numbers or grams weight per square meter. Animals to be weighed were placed

on a paper towel for about a minute to remove water and weighed to the nearest

0.01 gram on @ Mettler balance Model P162. After weighing, the animals were a
placed in a permanent storage solution in 4 dram screw top vials and retained under
lock and key for further reference if necessary.

At each sampling site a station card was filled out to record general obvervations
and/or conditions at the time. Photographs were also taken upstream and downstream
from each sampling station. Photos from stations D and E were not usable because
of accidental film exposure.

BACKGROUND

Monguagon Crezk is located in southeastern Michigan in Wayne County and flows
to the Trenton Channel (Detroit River) near Grosse Ile. The cceek is named
Huntington Creek on the USGS Wyandotte quadrangle 7.5 minute topographic map
of 1973. Although not named on official Michigan County maps, Monguagon Creek
is the recognizaed local name and appears on NPDES discharge permits.

Monguagon Creek is a first order stream (lacks tributaries) and has a total
length of about 4.2 km. The once in 10 year 7-day low flow has been estimated
at 0.0 m®/day. The stream flows from its headwaters northeast to Riverview
then west tu the Detroit River. About 1.2 km upstream from its Detroit River
confluence, the Pennwalt Corporation discharges 32,700 m3/day of treated
wastewater via discharge 006 under an NPDES permit (number MIQ002381). A half
kilometer downstream, Jones Chemlical had two unpermitted discharges. Additional
water and contazinants enter the stream from stormsewer discharges and urban or
industrial runoff both upstream and downstream of the study area.

Most of the stream in Riverview has been enclosed. All of the stream has
been channelized for drainage improvement and some sections have been dredged
more than once to remove accumulated materials. In the 1950's, raw sewage
from Riverview was discharged into the creek and extensive fish kills occurred
on occasion (Robert Parker - personal communication). Sewage discharges have
since been removad.

The unpermitted discharge from Jones Chemical to Monguagon Creek was found
during an aerial reconnaissance flight on December 17, 1979 by William Murphy,



Environmental Enforcement Division, Department of Natural Resources (DNR).
Photographs of the area taken at that time clearly show a discharge plume into

the creek (DNR Exhibit No. ).

Since the discovery of the unpermitted Jones Chemical and prior to this study,
sampling of the discharge, waste streams in the facility and the creek were
undertaken. Lawrence Epskamp, District 14 Conservation Officer, Law Division
collected water samples upstream and downstream of the discharge and from the
surface and bottom of the discharge on February 9, 1980. The pH of the discharge
was 11.3 at its surface and 15.7 at the bottom. Both are extremely alkaline

pH values and would not be permitted. Sodium (9100 mg/l), chlorides (7400 mg/1)
and sulfates (320 mg/l) were very high (Appendix I) in this discharge.

William Stone, District I, Water Quality Division, accompanied by William Murphy,
collected water and sediment samples within the Jones Chemical facility on
February 14, 19830. An in-plant sump had extremely high levels of iron

(280,000 mg/kg), lead (3400 mg/kg), and zinc (1500 mg/kg) in the semi-fluid
sediments in the sump bottom (Apprndix II). Chlorine ranged from high to very
high in six of seven locations sampled within the facility. Chlorides and sodium
followed a similar pattern to chlorine, with the water designated '"pipe to sump”
field ID number one (1) and having the lowest values and the sample designated
"from NaOCl product tank", field ID number seven (7), having the highest value
(Appendix III). Very high coliform bacteria counts were found in samples from
an outside sump and indicated that untreated human wastes (Appendix IV) were

in the Jones Chemical wastewaters prior to discharge.

White (1979) evaluated Pennwalt's discharge (006) as to its potential toxic
effects on aquatic animals in Monguagon Creek and concluded that toxic conditions
wou.d exist as a result of the discharge. She found the NPDES permit limits for
BOU:, suspended solids and ammonia were exceeded and recommended that Pennwalt's
NPDES permit limitations for ammonia and pH be revised.

RESULTS AND DISCUSSION

Water Quality

During the biological survey, water samples were collected and analysed for
chlorine by staff of the nearby Wayne County Public Works laboratory. Sample

#2 was collected in Pennwalt's discharge (station B) and had 4.3 mg/l total
chlorine (Appendix V). Above Jones Chemical (#3, station C) only free chlorine
at 0.1 mg/l was detected. The Jones Chemical discharge (#4) had 9900 mg/1

total chlorine. The pH of the discharge at the time, as estimated by indicator
paper, was approximately 12. No discharge plume was evident in the stream during
this study probably as a result of reduced flows. Downstream at station E (#5)
free chlorine decreased to 0.4 mg/l and total chlorine to 1.4 mg/l (PPM equals
mg/1l) even under reduced discharge flows.

Recommended concentrations of total chlorine in discharges is 0.024 mg/l at the
edge of the mixing zone and concentrations of chlorine are not to exceed

0.5 mg/1 in the discharge in Michigan. Chlorine is a very toxic substance (Brungs,
1976), and should be greatly reduced in the Jones Chemical discharge as it was almo
20,000 times the discharge concentration limit. Chlorine concentrations should
also be reduced in the Pennwalt discharge to acceptable levels.



An 0il sheen wes observed in the Pennwalt discharge channel and at all downstream
stations during this study (Appendices X-XIII). This is in violation of the
NPDES discharge permit which stipulates "no visible film" in Monguagon Creek.

A single water sanple collected February 20, 1980 from a 15 cm (6 inch) diameter
steel pipe (f1 discharge) apparently discharging stormwater runoff and/or

snow melt at the time, had 490 mg/l suspended solids (lab sheet not included) and
resulted in sedizent deposition in the stream (Figure 3). Some control measures
should be sought for this discharge.

Another water sample was taken from the other Jones Chemical discharge (#2)

in which the ext-remely high levels of chlorine were found and analyzed for fecal
coliform bacteria. Counts of fecal bacteria were less than 100 per 100 ml as
would be expected with high levels of chlorine (Appendix IV). Toilet paper was
seen in the effluent at the time of sampling (Appendices XI and XII). Whenever
chlorine was mot being discharged, raw sewage could have been discharged. In
either case, treatment of human wastes would have been inadequate.

Sediment Contaminants

Substances such as heavy metals, oils and synthetic organic compounds which

are relatively insoluable in water will usually be found in stream or lake
sediments at comcentrations many times higher than can be found in the water.
Contaminants of this type will also remain bound in sediments for extended

time periods ard thus reflect past discharges of contaminants.. Many of these
sediment contaxzinants are toxic to aquatic life when concentrations are elevated.
Presently, the degree of sediment contamination or its pollutional status is
based on the 1977 EPA dredge spoils criteria.

Using EPA's criteria as a basis for comparison, all stations had "heavily
polluted" sediz=nts for a number of parameters. At station A, oil (5500 mg/kg)
arsenic (12 mg'xg), zinc (440 mg/kg), lead (90 mg/kg), irom (25,000 mg/kg),
copper (50 mg/kg) and PCB (10 mg/kg) (Appendix VI) were the contaminants above
the non-polluted level of the EPA (1977) dredge spoils criteria (Appendix VII).
These sediment contaminants have probably reached Monguagon Creck via urban
runoff or dischzrges upstream in the City of Riverview or from landfills and
nearby industriazlized areas.

In Pennwalt's discharge channel (station B) and downstream at station C every
parameter, except iron, at least doubled in concentration in sediments. In
addition, cyanide (5-6 mg/kg), cadmium (6-10 mg/kg), nickel (90-120 mg/kg),
and mercury (2 mg/kg) were found at "heavily polluted" areas.

Immediately dowastream of the Jones Chemical discharges most sediment contaminant
concentrations (station D) were similar to those found upstream. at Station A or C.
However, higher concentrations of copper, irom, nickel, lead, zinc and manganese
existed in the szmple collected nearest Jones Chemical. Zinc values were 4700 mg/k:
in this sample 2nd 2500 mg/kg in the sample across the stream. As indicated

before by Stone's data, the Jones Chemical discharge probably contained high

levels of lead, zinc and iron. Zinc was apparently being precipitated quickly

once it reached the stream and other metals at lower rates.

Downstream at station E the concentration of lead (920 mg/kg), nickel (230 mg/kg),
copper (250 mg/kg), chromium (390 mg/kg), cadmium (10 mg/kg) and cyanide (12 mg/kg)
about doubled azain. Zinc was found at 18,000 mg/kg, an extremely high sediment



FIGURE 3. Discharge (#1) from Jones Chemical bearing suspended and settleable
solids, with associated deposition in Monguacon Creek, February 20, 1980.

Photograph by Frank Horvath.




concentration. These very high levels of contaminants probably existed at

this location mainly as a result of discharges from Pennwalt and Jones Chemical.
The marked increase in certain of the above parameters in downstream sediments
at station E was probably the result of additional loadings of heavy metals

from Jones Chemical and the chemical reaction and pracipitation of these
substances after the highly chlorinated Jones Chemical discharge were mixed with
the receiving waters.

Macroinvertebrates

Animal communities living in or on the bottom of lakes and streams are the best
indicators of aquatic environmental conditions. These animal communities are
ubiquitous in undisturbed streams. Benthic or bottom dwelling animal species
which together constitute a benthic community live most or all of their lives
in the water. Aquatic insects, with rare exception, leave the water for short
periods to mate and lay eggs but their immature larval stages may exist for
more than a year in an aquatic environment. Aquatic worms (oligochaetes) spend
all their lives in the aquatic environment. During this extended period of
aquatic development they react to a myriad of physical and chemical parameters
and thus are indicators of past environmental conditions.

A stream comparable in size to Monguagon Creek, under relatively unmodified
stream conditions, would have benthic communities made up of many species of
animals without a dominant species or species group. Biomass (weight per

unit area) would usually be at intermediate levels (10-50 gn/m? wet weight) and
distributed among a number of species. Macroinvertebrate density (aumber per:
unit area) would usually range from 1-5000/m?. Discharges of pollutants in
sufficient quantities results in marked and easily detected changes in benthic
community structure. Sensitive species or species groups are eliminated and

the benthic community becomes dominated by more pollution tolerant forms.

Under moderately polluted conditions some forms may thus reach extreme densities
and biomass. 1f pollution is increased further, all the above benthos parameters
decrease. In the most extreme situvations benthic communities are absent.

The macroinvertebrate communities of Monguagon Creek indicated a degraded to highly
degraded stream condition (Figure 4). Pollution tolerant organisms dominated

the macroinvertebrate community in the sti.dy area. Oligochaetes or aquatic worms
comprised more than 90 percent of all the macroinvertebrates collected both in
terms of density and biomass (Appendix VIII). Only at station A were

significant numbers of midges (Procladius) collected. This animal feeds on worms
but is less tolerant of extreme environmental stress than oligochaetes.

Macroinvertebrate densities decreased from almost 24,000/m? at station A to
318/m? at station D. No macroinvertebrates were found at station E nor in the
three samples closest to the Jones Chemical discharge at station D.

Fish

Only two fish (gizzard shad) were observed in this shallow, open stream. Even
this was surprising under the conditions. One dead gizzard shad was found just
below the Jones Chemical discharge. Apparently the fish had died receuntly as
deterioration was not evident. The second fish was disoriented and swimming in
circles as it moved downstream in the vicinity of station E. Total chlorine

at 1.4 mg/l was found at this station and by itself was sufficient to cause
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Figure 4. Areas of'degradation in Monguagon Creek, Wayne County, Michigan
February 20, 1980 based on benthic macroinvertebrate community
structure.
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death in less than half an hour (Mattice and Zittel, 1976).

SUMMARY AND CONCLUSIONS

Benthic animals communities, or their absence in Monguagon Creek indicated stream
conditions that ranged from degraded to completely degraded. Degradation or damage
to the benthic communities was associated with high concentrations of sediment
contaminants such as oils, toxic heavy metals, cyanide and high concentrations

of chlorine in the water. Similar responses of benthic communities to such
contaminants have been observed many times before (Mackenthun, 1969). Recently,
Wentsel and McIntosh (1977) also found oligochaete dominated benthic communities
where heavy metals in lake sediments were extremely high (cadmium-996 mg/kg,
zinc-14,033 mg/kg, and chromium-2106 mg/kg) and midge larvae were present only
where heavy metals decreased in the sediment. Given the concentrations of sediment
contaminants in Monguagon Creek, it is improbable that the elimination of the
benthic community downstream of the Jones Chemical discharge was due only to

their discharge of heavy metals. The pattern of benthos eliminaticn closely
approximated the area of stream bottom impacted by the plume from the Jones
Chemical unpermitted discharge with very high concentrations of extremely toxic
chlorine. It is therefore very reasonable to conclude that 2 minimum of 0.15 km
of Monguagon Creek has been damaged as a result of the unpermitted Jones Chemical
discharge.

Damage to Monguagon Creek undoubtedly also extends for the remaining 0.7 km to
its confluence with the Trenton Channel. Sediment contaminants would surely
remain at or above concentrations similar to those found dovmnstream of the
Penn'ralt discharge, as most of these substances do not biodegrade readily and
channel erosion processes tend to transport sediments downstream. It is not
certain however, that the macroinvertebiate community has been eliminated in
this lower stream reach nor could any or all damage be blamed with certainty on
the upstream discharges. Storm sewers and runoff from streets, coal piles and
the surrounding area would have degrading effects in the lower stream reach.
Furthermore, it is not certain whether chlorine concentrations have been at toxic
concentrations to the Trenton Channel in the past because chlorine readily

reacts and loses its toxicity.

In order to expedite the recovery of Monguagon Creek several actions should be
undertaken. A study of Monguagon Creek upstream of the ‘'study site and in
Riverview should be undertaken to determine the source(s) of stream contaminants.
Pennwalt's wastewater treatment should be upgraded to meet NPDES requirements and
the Jones Chemical discharges should either be eliminated or adequate treatment
be provided to protect Monguagon Creek. In addition, the highly contaminated
sediments downstream of Pennwalt and Jones Chemical should be removed, not only
to facilitate stream recovery but to prevent their discharge to the Trenton

Channel.



Field Work By: William Murphy, Enforcement Investigator,
Enfironmental Enforcement Division
Frank Horvath, Aquatic Biologist,
Water Quality Division
Elwin Evans, Aquatic Biologist,
Water Quality Division

Report By: Elwin Evans, PhD
Aquatic Biologist
Bioclogy Section
Water Nuality Division
Department of Natural Resources
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APPDNDIX V
ster Wozni ax
f;h:s'.laeﬂr( M:n:',;vankg Owuctor, Wayne \ﬁ \ / 'T'W
Derecior 0t Admomsiralion COUﬂty l . —- ¢ ." . =
-(‘)?’:gasoa!‘:fei:l Services PUbllC _ \f \j’
John ¥/, Hubert Works atienes . n
O-rectar of Finance .

Rex MecCormick
Deputy Secratary

On February 20, 1980, 3:00 p.m. Bill Murphy of the Department
of Natural Resources brought in four sarples to be tested for
residuzl chlorine. The sacples were collected within one half
of zn hour of analysis.

I tested the samples as numberad Lelow.

£2 0.5 P.P.M. free chlerine &.3 P.P.M, total chlorine
£3 0.1 P.P.lM. free chlorine :

oA 952 P.P.M. frse chlorine 9900 P.P.M. total chlorine
£3 0.4 P.P.M. free chlorine 1.4 P.P.M. total ch_orine

Ail sazples tested using D.P.D. method of chlorine analysis.

'Iho*"' Shoens, Chemist T

Wayne County Public Works

CL. 7. AL
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"~ APPENDIX VII
April 1977 U.S. [PA Dredged Snoil Disposal Criteria Classification

Guidelines for Great Lakes Harbors. Values in mg/kg dry weight,
values otherwisce noted.

Ken Moderately Heavily

Parameter , Polluted Polluted Polluted
Volatile solids % <5 5-8 >8
oo <40,000 40-80,03 >80,000
TKH <1,000 1,000-2,000 >2,000
0i1 & Grease (Hexane Solubles) <1,000 1,000-2,003 >2,000
Lead <40 40-60 >60
Zinc ' <90 90-200 >200
frmonia <75 75-200 >200

Cvanide <0.10 0.10-0.25 >0.25
.sphorus <420 -~ 420-650 >650
Tron <17,000  17,000-25,000  >25,000
Kickel <20 -20-50 >50
Mangancse <300 - - 300-500 >500
Arsenic <3 - 3-8 >8
Cadmiuni - ¥ i >6
Civromiun <25 25-75 >75%
Bariun <20 20-60 >80
Copper ' <25 25-.50 >50
Yercury >1
Total PCB's ** : >10

W [owver limits not established
*¥* The pollutional status of sediments with tatal PCB concentrations between
1 arnd 10 mg/kg dry weight will be delerinined on a case-by-case basis.
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APPENDIX (X

MICHICSY DEPAZTHENT N7 rar -3l ReSOURCES BI0LNGY SECTINY
WATER QUALITY DUV n STHIAM PROBLEM ASSEScEns
Station Number _A__ fnvestigator(s) __ & ¢ NS /*’Qf’\’f) r:“-" L AE P, _f
Date ) (J0; FD  nwe 1232 eworocraen nser_ [/, /2, /3 -
BOOY OF 4ATER AIO NG o/i 5 0. ek waaton___ LR IvEMR VI E L) .
county_/p P80 S rt{:' R Y .—‘_s £ me__ RIvERVIZE —
REASON FOR SURVEY \7'3 YES C/‘.L -_/>CNN,,/, LJ':___&_SCAAL"GF A TS
VICINITY LAND USE:  Mostly Forest Mastly tirban Mostly Agriculture Other IN DuSTate i
AVE. STREAM ulOTH__ 7 m OAVE. STREA1 OEPTH_g, S m veroty_SQ. Ilps  sTREM kn__ /P
STREAM SHADING: Open Partly Open Shaded STREAM TYPE: Coldwater Wartiater
WATER TEM?. 5__°C AR TEHP__é__'C WEATHER: Sunny - Partly Cloudy- Cloudy—- Rainy CA4 u/s: vYes o km
CHANNELIZED:  Yes No  CHANEL EROSION: Nome — Slight — Moderate — Scvere HIGH UATER MARK 0_-:'_(1__3:
SECCHI C{SC TRANS: e m  TURSIDITY: Clear— Slightly Turd:d — Turbid — Opaque UATER COLOR
WATER QCORS: Horral Sewage Petroloun Chzamical QOther
SURFACE OILS: tone Stick Shean Globs Flecks
SEDIKENT OQOJRS: torral Sewane Petroleun Chemical Anacrodic Sther o
SEDIMENT OILS: Absent Slight Mcderate Profuse ’
9 ——e 7ot Ls A+
OEPCS!TS: Sludce Sawdust Peperfiber Sard Relict Sheils Cther__ L ELVE %
ARE THE UNDERSICES GF STCHIS LH{CH ARE NJT JTZIPLY [MBEDDEY I4 SUEST-ATE BLATK? YES NO A&
¥LOu T T T T
SUSSTRATE VELOLITY CHARACTERISTICS rE‘lCEIT i 1] SUBSTRATE CHARACTERISTICS PERCENT M
TYPE m/ sec 0R SIif SAULLING ARZA TYPE €2 _3iZE EMPLING AREA
BQULOER. >1.2 236 wm { 10"} dia. CLAY Slick texture
(>3 fps)
RUBBLE" >0.6 64-256 m= ( 2.1-10") dia. MARL Grey, shel) fragrents
{>2 fps) :
GRAVEL* »>0.3 2-64 mm (0.1-2.5") dia. DETRITUS  Sticks, wood, coarse 5
(>1 fps) plant materialis
SAND >0.2 0.06-2.00 mm dia. S FIBROUS Partially decompaosed
(>0.7 fps) Gritty texture PEAT plant material
SILT >0.12 0.004-0.006 rm dia. PULPY Finely divided plant
(>0.4 us) PEAT materiai, parts
9 o tndistinquishabla
MUCK-Mud -0.12 black. very find organic
(-0.4 £p5) ;. LOGS & STICKS
*IMSEDDEDNESS: 0 = KONC v = 1/3 O LESS 2 3 2/3 CR MORE
810TA:
PHY TOPLANKTON 0 1 2 3 4 SLIMES l 1 2 k] 4
PERIPHYTCYH 0 1 2 3 4 Z0DPLANKTCN Y 1 2 3 4
FILAMEHRTOUS ALGAE 0 A} 2 3 4 MACROTUVIRTESPATES b 1 2 3l 4
MACROPHYTES 0 1 2 3 ‘ FISH "0 1 2 3 4
G - Bpeant 1 - Sparse 2 - Moderate 3 - Abundant 4 - Profuse



GAME FISH

ROUGH FISH

FORAGE F

(5K

AQATIC PLANTS

PERIPHYTON FILAMENTOUS ALGAE
MACROPHYTES
STREAMSANK
VEGETATION: GRASSETS BRUSH RERBACEQUS CO%IFERS DECTDUIUS BARREN OTHER

MACROBERTHOS QUALITATIVE SAMPLE CHICK LIST (INDICATE DOMINANT GROUPS)

SPONGES DRAGCHFL TES PATYAILED V246015

HYDRA DAMSELFLIES MIDSES

FLATWGR4S TRUE BUGS STONEFLIES

ROULD T L BEETLES MAYFLIES

LEEC-C AQUATIC CATTERPILLARS -BURROVERS

NATER MITES ALD{RFL IES -SYIIMERS

SOWBUGS HELLGRAMITES -CLINGE2S, SPRAMLERS

scucs CRANEF 1ES CADDISFLIES

CRAYF ISH ND~SEE-UMS -FREE LIVING

SNA[LS-L IMPETS BLACKFL IES -PURSE CASE MAXERS

CLAdS DEERFLIES i -TURE CASE MAKERS

AQUATIC EARTHMORMS . MOSQUITOES J -SADDL ECASE MAKERS
isnwmzzs : [ -NET_SPINNERS OP RETREATHAKERS

NOTES, ETC.

STATION A

-~ Flow
as m —p X @ SGDIf.‘,ENT
\)< - Samece
v | N
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APPENDIX X
MICHIGAS DIFARTYINT CF LATLRNL TT0UCES RINAAY fnrlm
WATER QUALITY DIVISION STRFAM PROCLEM ASIESSMENT
Station Nomder _6 - Investigat r(s)___{?/f)/‘/-s: "‘.)/ 17 __[/ /_/r:__’_'_/_"z
oate X S0 0 FO twme_[R:¥S s e LY, 05 20 (7 _
E00Y OF GATER Alopny s ufsras_ ApSEiK LOCAHOTI‘_._f’L,,_ V=0l —_— —
county_W/ytyr s L T¥S RIS R L SN -y X Y R
REASON FOR SURVEY \TJNfs LA ELICE L - fEN N LT J/{C /- //"/‘ G147, e

VICINITY LARD USE:  Mostly Forest Mostly lrban Mostly Agriculture Otner //VD./Q 7'/’ AL
AVE. STREAM MIDTH_ .S n AJL. STREAM DEPTH__ (. 3 m  YELCCUITY_Z 0,/ 2 ms STREAd km__ /s & O
STREAY SAADING: cen Partly Open Shaded STREA' TYPE: Coldwater Warmwiter
— w———
WATER TEMP. // °C AIR TEMP. ,5 °C WEATHER: Sunny-Partly Clouds~Cloudy~ Rainy DAM u/s: Yes No km
CHANNELIZED:  Yes No Crridgl ERSSION: Nane — Slight — Moderate —  Severe HIGH WATER MARK___ O, 7~
SECCHI DISC TRAIS: __ ——— m  TURSIDITY: Clear— Slightly Turdid — Turbid — Opatue UATER COLOR —
WATER J00FRS: Normzl Sewaqe Petroleum Cherical Other
SURFACE QILS: Kone Slick Sheen Globs Flecks
SEDIMENT QOCRS: Normal Sewage Petraleun Chemical Anaeratic Other _
SEDIMENT OILS: Absent slight Moderate Profuse
DEPOS'TS: Slugse Sawdust Paperfiter Sand Relict Shells Qther__ —
ARE THE UNDFASIDES OF 3TCNTS a-ilr ART NOT DECPLY I[MDESIED il SLLITRATE SLACK? YES NO Nﬁ
FLOU
SUSSTRATE VELOZITY CHARALCTEQISTICS PERCENT IN SU2STRATE CHARACTERISTICS PERCENT IN
TYrE m/seac R Si2f AL ('-.';IG AFZRA TY-E OR S1IF SEMPLING APZA
BOULDERS® >1.2 256 o ( 10") dia. CLAY Slick texture
(>3 fps)
RUBBLEY »0.6 64-256 m ( 2.1-10") dia. MARL Grey, shell fragments
(»2 fps)
GRAYEL" »>0.3 2-64 mm (0.1-2.5") dia. DETRITUS  Sticks, wood, coarse
{>1 fps) plant materials
SAND »0.2 0.06-2.00 mm dia. 50 FISRIUS Partially decomposed
{>0.7 fps) Gritty texture PEAT plant macerial
SILT >0.12 0.0C+-0.006 mm dia. PULPY Finely divided plant
(>0.4 fps) PEAT material, pares
fndistinquishable
MUCK-#UD 012 black. very find organic S0
(+0.4 fps) LOGS & STICKS
*IMBECTIONESS: 0 = NCNC 1~ 1/3 02 LESS 2 = 213 GR MORE i
BIOTA:
PrY TCPLANKTON 0 i 2 3 4 SLIMES ._l i 2 3 4
PERIPHYTON [3} 1 2 3 4 ZO0PLARKTOM s} 1 2 3 4
FILAMENTOUS ALGAE 0 1 H 3 4 MACROIMVERTEBRATES Q 1 2 k] 4
MACROPHYTES ] } 2 3 4 FISH 0 1 2 3 4
G - Spcent 1 - Sparse 2 - Moderate J - Abundant 4 - Profuse



FISH GAME FISH
ROUGH FISH
FORAGE FISH
AQUATIC PLAYTS PERIPHYTON FILAMENTOUS ALGAE
MACROPHYTES
STREAMBA'K
VEGETATION: GRASSES BRUSH HERBACECUS CONIFERS DEC TOUIGUS BARREN OTHER

MACROBENTHOS CUALITATIVE S*MPLE CHECK LIST (INOICATE DOMINAMT GROUPS)

SPONNES DPAGONFLIES RATTATLED MAGGATS
HYDRA OAMSELFLIES MIDGES

FLATH0RMS TRUE BYGS STONEFLIES
ROUNOWC RIS BEETLES MAYFLTES

LEECHES AQUATIC CATTERPILLARS -BIJRAOWERS
HATER MITES ALDECFLIES -SWIMMERS

SCWBUGS HELLGRAMITES -CLINGERS, SPRAWLERS
SCuUns CRANCFLIES CEDDISELIES
CRAYFISH N)-SEE-UMS -FREE LIVING
SNAILS-LIMPETS BLACKFLIES -PURSE_CASE MAKERS
i DEERFLIES -TUUBE CASE MAKERS

" MOSQUITOES -SACOLECASE MAKERS

SHIPEFLIES

-NET SPINYERS OP RETALATHMAKERS

NOTES, ETC.

STRTI6N
PO

PENNWALT

DiSCrerrc
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APPENDIX X1

NICHIGAY DINARTVENT °F 8

WATER QUALITY DIVISIIN

LNy serrinon
STRe-™ P, UEN ASSELYMUNT

TURE RESIURCES

T T T T T T, - ’ - - .

Station Humder C o lnvestiqator(s) __ & ‘.’.’.9.1\."..:,__._/_7‘/4.:2’._‘ T .
vate L 429/ Fo i 42005 wwrcemen ks __ /& /7, 20

8007 OF 5ATER MUING 7 Rgny DFSEX weation__L/vER V1 2

we_ RN ERNIEL,
ICPA L = PENN 2T LT

covniv_Y/AYNE TS auEs .

REASON FOR SURVEY __~NJ IAMES (P4

SIS LS PR CTS_

., - - ----{--‘--
VICINITY LARD USE: Otner _INDLSTp 177 L

Mostiy tirtan Mostly Agriruiture
L LA S

Mustly Forest

w
-4
has
n
b

3

AVE. STREBM UIDTH__ 20  n ME. STREM CEPTH _ Q.2  m Vasl!lY_Q. /2 ms

STREAM SHADING: Opea Partly QOpen Shaded STREAN TYPE: Coldwater Warrwiter
WATER TEMP. 1.7 ¢ am TE.'"-?.__.S_-__"C WEATHER: Sunny—Partly Cloudy-Cloudy- Rainy OAM u/s: Yes Ng ka:
CHANMELTZED: Yes No  CHAWNEL EROSION: None -— Slight — Moderate — Severe HIGH WATER MARK___ (9. /5 =
SELCHI DISC TRANS: —— 3 TURBIOITY: Clear— Slighzly T.rdid — Turpid — Opaque VATER €M 0R )
WATER ODORS: Hormal Sewage Petroleun Chemical Other
SURFACE OILS: None Stick Sheen Glohs Flecks
SEQIMENT C2ORS: Norral Sewage Petroleum Chexica) Anaerabic Other_ 7
SEDIMENT OILS: Absent Slight Modsrate Profuse
DEPQSTTS: Slydge Sawdust Paperfiber Sand Relict Sheils Other ——
ARE THT UNDERSIJES O7 STINES w'ICH ARE NOT DEZEPLY IMBEICDED I SUCSTRATE 2LALL? YES N0 /\//?
- T
SUBSTRATE CHARACTERISTICS PERCINT N i SUSSTRATE CHARACTER ILTICS PERCINT In
TYrFE QR SI7E SEMPLING AZEA TYPE 2R S1ZE SAMPLING ABEA

80uLDE - »* »1.2 256 ma ( 10“) dia. CLAY Slick texture

{>3 fps)
RUBBLE* >0.6 €4-256 mm ( 2.1-10") dia. MARL Grey, shell fragrents

(>2 fos)
GRAVEL* »0.3 2-64 mm (0.1-2.5") dia. DETRITUS  Sticks, wood. coarse Ky

(>} fps) plant materials
SAND »0.2 0.06-2.00 mm dia. FIBROUS Partiaily decomposed

(>0.7 fps) Gritty texture PEAT plant material
SILT »Q.12 0.004-0.006 mm dia. pPULPY Finely divided plant

(>0.4 fps) PEAT material, parts

indistinquishable

MUCK-MUD 012 bfack. very find organic 95

{-0.4 fps) | LUGS & STICKS
*{MBEDOEDMESS: O = NONE tx 1/3 03 LESS 2 « 273 CR MNORE
BIOTA:
PHYTQPLANKTON 0 1 i 3 4 SLIMES 0 \ 2 3 4
PERIPHYTON 0 ) 2 3 4 200PLANKTON 0 1 2 3 4
FILAMEYTOUS ALGAE b} 1 4 3 4 RACROINVERTEBRATES 0 1 2 3 4
MACROPHYTES [t} 1 2 3 4 FISH 0 1 2 3 L]
G - dpeant 1 « Sparse 2 - Moderale 3 ~ Adundant 4 - Profuse



FISH GAME FISH
ROUGH FISH
FORAGE FISH
AQUATIC PLANTS PER [PHYTON FILAMENTOUS ALGAE
MACROPHYTES
STREAMBANK
VEGETATION: GRASSES BRUSH HERBACEQUS CONIFERS DECIDUNUS BARREN OTHER

MACROBENTHOS QUALITATIVE SA"PLE CHECK LIST (INOICATE DCHMINANT GRCUPS)

SPONGES ORAGOHFLIES RATTAILED “:G50TS

KYDRA OAMSELFLIES MIDGES

FLATWORMS TRUE 2UGS STONSFLIES

 ROUNDCHORMS BEETLES MAYFLIES

LEECHES AQUATIC CATTERPILLARS -BYRRCWERS

HATER MITES ALDERFLTES ~SWIIMERS

SOWBUGS HELLGRAMITES ~CLINGERS, SPRANLERS

SCUDS CRANEFLIES CACDISFLICS

CRAYFISH NO-SEE-UMS -FREE LIVING

SKAILS-LIMPETS BLACKFLIES -PURSE CAST MAKERS

s OEERFLIES -TBE CASE MAKERS
MOSQUITOES -SACOL ECASE MAKERS
SNIPEFLIES -NET SPINYERS QR RETPEATMANXERS

[

A\
\

Frow

A\
Y

53T SHorS oON Fitm RuinED

sTAatioN C

¢-sx @ cs .ur‘z_

-4 X

e-g X

e2x @c: 1 ef -

C-l X
e

p— -—--.’ﬁ/_f_

e e —————

ARER of GRsY
SEQIMENT DEFIS T .
¢pipe
iRE .
P [0" L&, CEMENT
HEAD WA LA, ToilET
PARER yn D/SCHAFL

Dischp ks ING

101

JonE S

CHEMICA
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APPENDIX XII

MICH AL NEPARTMEL T OF LATIR 2L RES™ RCES 810LNSY SECTION

WATER QUALTTY DIVISIUN STREAM PRODLEM ASSLSSMENT

Station fumber D tovestigatar(s) ___ &V M3 ’_/f_z_/i],_/«:_‘?' L L
Date o) /DD FD v _ /20 Y S POTOGRARH MUMIER - _

BODY OF WATER fildNO £ nopn) CATE K LOCAT!ON___/:L\,_'EI":_/_L'_’-_"_.’.-J

coumy_ ARy NE YR su_c_s__s______ W RIVELYV IS

S PEIINW LT DISLHAL. C-;,_ i P/C/ >

REASON FOR SURVEY \/0/\/,&5 C’(-.

VICINITY LAND USE:  Mostly Forest Mostiy lrban Mostly Aqriculture Other /1V47/S7./'// /’
AVE. STREAM UIDTH__oZQ  m AVE. STREAM CEPTH_ (), 3 @ VELGCITY_O. 12 a5 STREA km__C- 6 F

TREAM SHADING: Onen Partly Open Shaded STRZAM TYPT: Coldwater Warmwiger
WATER TEMP. 7. 7___’C AIR TEH?._L'C WEATHER:  Sunny—Partly Cloudys—Cloudy— Rainy CAM u/s: Yes Mo km
CHAUNELIZED: Yes No  CHANHEL EROSION: Mane — Slinht — Mccerate — Severe 4IGH YATER WARK_ 4. /8w
SECCHI DLSC TRARS: o TUPBIDITY: Clear— Sligntly Tursid — Turbid — Opague UATER €OLOR —
WATER C70RS: tlorral Sewage Petroleun Chemical Other
SURFACE OILS: None Slick Sheen Globs Flecks
SEDIMINT OCORS: Rormal Sewage Petrsieum Chznical Anaerobic - Other_
SEDIMENT OILS: Absent Slight Maderate Profuse
GEPQS'TS: Sludze Samdust Paparfiter Sand Relict Shells Qther
A2E THT UnDEASISES OF 57CHTS wICH ARE 40T DoTrLY TMCIDDED IN SUESTRATE SLACK? YES i¢¢) N/q
FLO - —" —_
SUESTRATE VELOC!TY CHARACTZIRISTICS PERCENT (N i SL"":’ﬁTS CHARACTERISTICS PERCENT N
TYPE m/sec QR SIIE SAMPLING AREA Ty2t OR SIZE SAMPLING A-tA
BOULDERS® >1.2 256 @n ( 10") dia. CLAY Slick texture
(>3 fps) .
RUBBLE* >0.6 64-256 mm { 2.1-10") dia. MARL Grey, shell fragments
(>2 fps)
GRAVEL® >0.1 2-64 m (0.1-2.5") dia. DETRITYUS  Sticks, wood, coarse 5
(>1 fps) plart materials
SAND >0.2 0.06-2.00 mn dia. FIBRGUS Partially decomposed
(>0.7 fps) Gritty texture PEAT plant material
SILT >0.12 0.003-0.006 mm dia. PULPY Firely dividel plant
(>0.4 fp., PEAT material, oarts
indistinquishable
MCK -0 0.12 black, very find organic 95.
(0.4 fps) LOGS & STICKS
* {MBEODEDNESS: O = NONE V= 1/3 0R LESS 2 = 2/) CR MORE l
81a7A:
PHYTOPLANKTON 0 1 2 3 4 SLIMES 0 1 2 3 4
PERIPHYTON 0 1 2 3 4 ZOGPLANKTON 0 1 2 3 4
FILAMENTOUS ALGAE 0 1 2 k) 4 MACROINVERTESRATES 0 1 2 k] 4
MACROPHYTES d 1 2 3 4 FISH 0 1 2 3 4

¢ - dprent 1 - Sparse 2 - Moderate J - Atundant 4 - Profuse



S Frh AT
Fi WEFISH ONE G2 2RRI,NYIT j WNOErL STRESS, Swir:n o
RGUGH FISH N N-/)f 7—,_/5: [e) fF C —-
- =2AR - N’ rmC
FORAGE F1sH / c/eCLES < / v .

AQUATIC PLANTS PERIPHYTON FILAMENTOUS ALGAE
MACROPHYTES

STREAMSANK

YEGETATION: GRASSES BRUSH HERBACEOUS CONIFERS DECIDUGU_S_ BARREIN QTHER

MACROSENTHOS QUALITATIVE SA'PLE CHECK LIST (INDICATE DQMINANT GROUPS)

SPOHGES CRAGONFLIES RATTAILED MAGHNTS
HYORA CAMSELFL IES MIDGES
FLATY5MS % ToUE BUSS STONEFLIES
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APPENDIX XIII

PICKIGAN JEPRATVENT AF ~A7 B30 FESOURCES BINLOGY SFCTION
WATER QUALITY DI¥iSISH STREAM PHOTLEM ASSESSMENT

Station Humher = Investigator(s) -_EIL’J_\‘:—(./ _EONRATA
Oate 212D 1ED rive_ /¥ /5 pwatoaeAPH MUMBER
80y OF wATiz flONFup Zan CPLEEXR  tacarion _ Kive ey, )=
corimy__ritY N E _ 1YZerTs & T __/‘."\L_Eﬁ.'i/_.g“”
REASON FOR SURNEY__ “':/ / "S O -—/ﬂ/g/,/ Q-—A N/l PSS B A E _ IMPACTS
VICINITY LAND UST: Mastly Fersst Mostly lrban Mostly Agriculture O0ther _ /1_ -J:./ _,53, 77 L
ave. strext utote_ /2 o Al sTReAM oepTH_Q. 4 m vELOCITY_C. /o ms STREAM km__ (20 S 7
STREAM SHAJING: Open Partly Open Shadeg STREAM TYPE: Coldwater aanowater
NATER TEMP._7, ] °c AIRTE?. §.4 °C  WEATHER: Sunny-Partly Cloudy-Cloudy— Rainy D& u/s: Yes No km
CHANKELTZED:  Yes Na CHESHEL EROSION: Mone — Slight — Moderate —  Severe 154 WATER ek @- 15:___"’
SECCHI DISC TRALS: — A TUFIDITY: Clear—— Slightly Turbid — Turbid — Opague VATER COLIR -
WATER OCOFS: Noroal Sewage Petroleum Chemical Gther,
SURFACE OiLS: Tone Slick Sheen Globs Flezks
SEDIMENT ODORS: Norwmal Sewaqe Petroleum Chemical Anaerobic - Other
SED[MEMT 0fLS: Absent Slight Moderate ' Profuse
DEPQSTIS: Studq: Sawdust Parerfiber Sand Relict Shells Other
ARE THE UNGERSICES OF STOIS w=ICH AKE NOT DiIPLY IMSEZOCED IN SUBSTRATE SLACK? YES NO A)ﬁ
T
L .
SUBSTRATE VELZIITY CRAPACTERISTICS PERCENT iIN SUZSTPATE CAANACTERISTICS PERCENT 1IN
TYPE m/sec OR SilE SPAPLING AREA T1PE oR S1ZE SAMPLING A7ES
BOULDERS" »>1.2 256 mw ( 10°) dia. CLAY Slick texture
(>3 fps}
RUBBLE" >0.6 63-256 3m ( 2.1-10") dia. MARL Grey, shell fragments
(>2 fps)
GRAVEL* »>0.3 2-6- == (0.1-2.5") dfa. DETRITUS  Sticks, wood, coarse 5
{(>1 fps) plant materials
SAND »0.2 0.05-2.0N e dia. FIBROUS Partially decomposed
(0.7 fps) Grilty texture PEAT plant material
SILT »0.12 0.004-C.006 mm dia. Ky 'opuLpY Finely divided nlant
(>0.4 fps, PEAT material, parts
indistinquishable
MUCK-tUD ,0.12 black, very find arganic 90
(0.4 fps} LUGS & STICKS
® |[MBEDOECMNESS: 0 = NONE 1 = 173 03 LESS 2 + 273 CR MORE l
BIOTA:
PHY TOPLANKTON 4] ] 2 k) 4 SLIMES 0 1 2 k] 4
PERIPHYTON 3 1 2 k] 4 ZOOPLANKTON 0 \ 2 3 4
FILAMENTOUS ALGAE 0 1 2 3 4 MACROINVERTEBRATES 9 1 2 3 4
MACROPHYTES 1] 1 2 3 4 FISH 0 1 2 3 4

G - Bocent 1 - Sparse 2 - Moderate 3 - &bundant 4 - Profuse
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We have a staff of 50, have been in the business of
mapping land for 35 years, principally in the Midwest
serving clients in 16 states and over 550 counties,
including Pennsylvania and now FLORIDA.

. . .and we'd like to be of service to you - whether
you're in the business of banking, farming, real
estate, insurance, land development, practicing
conservation, obtaining leases for minerals, land
or right-of-ways, buying or selling. Our plat book
coverage will be an aid to-you in your business.
In handy to use 8% x 11 size, each book shows by
township:

Landowners, acreage (actual shape of parcels)
Farmsteads, natural features (rivers, lakes, streams)
Cultural features (railroads, highways, & roads)

for land-ownership information, deal with the professionals.

These maps are based on aerial surveys of the land
and courthouse records, and compiled by experienced
personnel - to make them as accurate as possible.
Even a computerized alphabetical index to owners
that shows landowners name, section and page.

Of prime- importance, of course, is the fact that
there is just so much land and it is constantly
changing hands - for farming, development either
for living purposes, recreation, research, conser-
vation, etc.

We at Rockford Map Publishers are ready to help
acquaint you with our unique and informative
county by county plat books. Write or call for a com-
plete list of counties available.

ROCKFORD MAP PUBLISHERS, Inc.

P.O. Box 6126
4525 Forest View Avenue - Rockford, Illinois 61125
Phone: 815 - 399-4614




I 1 I 1 | 1
g R f : i 1 !

i i (g
S

.
'

1 i i ; 1 i

| T

1 AL | o

Y

1

bl . N e ] v ; 2 i \ HAZEL T £ Lo
OAKLAN b M iy v & it l\—@ - T e @ @ ow ek &'[,::,, O Gear '““:: D7 (S @ st cunm swores
! N e ey - e am \ 2
5 i » Lty BT S 3 ey gy e T EVa —d /
5 . N 2 AEE . « - 3 rea] ox A 'y
g =, SHERE 2s AN I et
O R|T H|V “LIE = : : g . ! F f \ \% § .
= \\_‘( g ol G arera | B '\ g : \g.\'. i E A 1y "v g panasis Bohbaree § 5
3 e (1) = = =
7 3 \ S N 1 . Q:
Al fo R . w BB W A8 o e L
B et/ e WP 7 N |-
s res E—2ad o 1 -7 oe tien T [ =
PID~jY'™M|0|U H _{ : = % 4 H
» » e nco B m:... Loear: ares i H s § }
- X e P o e e TS SN s
P 4 g 9| £
. A0 i B i 1o
. - = : — LI
wd « el E . v
. WA ’ g ' % 3 g
-o = o i ¢
g g = . i .'i " » 7 : .::::g: i) '.":-t— \Qk
e |3 - ¥ o~ \ .. ROEN | CTY >
o » n o 2 | : - .
At A1l A\ oeArsor .
ras, S N g Casini
c| Ag N} ] NS f v
A oA W [ \westuo i : 3 0 ;
- \ H 4 e N f3s :
c .'STB.A e ¥ g H S g : . °- 1 ‘f, A
P g WS & ] | p SR, GENERAL HIGHWAY MAP
1 g el H ke wjnie i edi] ST s n A 5 3 ;
TN PR s | ERENL PSS WAYNE COUNTY
s ; . - - > WY i MICHIGAN
1 ENTON | Linr ol Lo S p 2, & L [
& L4, [l 3 . {é STATE HIGHWAY COMMISSION
g s b '5[ o, W 3
o ¥ g 3 i 2V Y WA DEPARTMENT OF STATE HIGHWAYS AND TRANSPORTATION
@ [. ro1s0m o '“’m H : lPlll;.{rj / 5 P DATA OSTAINED FIOM
) bl - 8 5 § - | LB~ 3 HIGHWAY PLANNING SURVEY
i . e et - » ¢ LINCOLN ] e L5 DEPARTMENT OF TRANS PORTATION
i It 'i! U"R I?.“N " ) PARK - FEDERAL HIGHWAY ADMINISTRATION
m:‘@._ oniow von | exruesmay - . + { ; [ . y . ) -
138, =i £ 5t H gy O @ 5 B
s AT A 3 i o
EEN ol .y ! 1 ' SEE PAGE 108 FOR LEGEND
N b e gt S Lo\l () BEAL
N PAK P -"_ I Ard
o T -i N - = K (v 3y : i { 4
q - e 9] ey
- —— p { ek ..... 2 -a"; H L] " s
n; O 2 - e i ;, - A% &
G S i = s /% \; ind
VLl ™ i " S e e L)BEE
ST ispam e BT
; TAS, ! u-“ % 3 2 § g =, ; 2
v P| T .u- X : g A ¥ SSEll
! \u » . &'511“ n D b e ou Q, ;
E 3 (\3. s . M; l 0, a1 e ' & 3 H IL ;.
» h - 3 st < B & E i
e b 2\ N HIE . § §
- = —= O P o a4 o i 5
£ ! dnd v i 5 \ E S B % 5
3 . - . A5k s a SO0 s
T B 1A /LTAR a_.:
A Mo '
MONROE l e '_!" ; e % o [ 5
o oo ) R v i

-

s

2



MICHIGAN HARBORS
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BOLLES HARBOR Loke Erie X X X X X X X
DETROIT MEMORIAL PK. Deftroit River X X X X X X
WYANDOTTE Detroit River X X X X X
METROPOLITAN BEACH Lake St. Clair X X X X X X
ST. CLAIR St. Clair River X X X X X X X X
T HURON Lake Huron X X X X X X X X
) ol
PORT SANILAC Lake Huron X X X X X X X X X X X
HARBOR BEACH Lake Huron X X X X X
PORT AUSTIN Lake Huron X X X X X X X X X X X
CASEVILLE Lake Huron X X X X X X X X X
AU GRES HARBOR Lake Huron X X X X X X X X
EAST TAWAS Lake Huron X X X X X X X X
HARRISVILLE Lake Huron X x [ x| x [ x| x| x]|x X
ALPENA MOORING FAC. Lake Huron X X X X X X X X X X X
ROGERS CITY Lake Huron X X X X X X X X X
HAMMOND BAY Lake Huron X X X X X X X X X X
IEBOYGAN Lake Huron X X X X X X X X
CHEBOYGAN LOCK Cheboygan Inl. X X
BOIS BLANC Lake Huron X
MACKINAC ISLAND Lake Huron X X X X X X X X X
MACKINAW CITY Lake Huron X X X X X X X X X X
BEAVER ISLAND Lake Michigan X X X X X X X X X
HARBOR SPRINGS Lake Michigan X X | X ] X X | X X X| X] X
PETOSKEY Lake Michigan X X1 X | X | X | X X X1 X
CHARLEVOIX Lake Michigan X X XX | X[ XX ]| X| X] X[ X
BOYNE CITY Lake Michigan X X | X | X | X ]| X X
EAST JORDAN Lake Michigan X | x | x
ELK RAPIDS Lake Michigan X | X X X
TRAVERSE CITY Lake Michigon X1 X | XX X
GREILICKVILLE Lake Michigan X X | X X X X
SUTTONS BAY Lake Michigan X X X ' X
NORTHPORT Lake Michigan X X X X X X X X X X
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MICHIGAN'S BOAT LAUNCHING RAMP PROGRAM

Welcome to boating in Michigan!

Michigan residents and visitors are truly in a Water Wonderland.
This state has over 11,000 lakes, over 36,000 miles of rivers and
streams, and over 3,000 miles of Great Lakes shoreline. Michigan is
the only state which touches four of the five Great Lakes.

These waters provide recrecational opportunities for sportsmen and
boating enthusiasts, who own and register over 500,000 boats. Regis-
trations are expected to increase to 760,000 by 1980. These boaters
will nced ever increasing numbers of launching sites, to provide public
access to Michigan’s waters.

In 1939, the state legislature first earmarked funds from increased
fishing license fees to purchase water frontage. Acquisition and develop-
ment have continued to the present day. Now, however, boat license fees
and the marine fuel tax support these activities and nearly 1,000 Jaunch-
ing sites have been equipped for boaters. Most of these sites are oper-
ated by the various divisions of the Department of Natural Resources.
“thers, owned and operated by local communities, were built under a

mt-in-aid agreement, with the state’s Waterways Fund providing up
to 90% of development costs.

Some boat launching f{acilities, particularly those in heavily populated
areas, receive so much use that entry fees are collected to pay for
attendants to keep the sites in order and properly maintained. Fees are
also charged for general entry to State Parks and Recreation Areas in
the form of annual or daily vehicle permits. Modest fees are charged at
some community-owned sites to help pay for operation of the facilities.
In general, however, most launching sites may be used free.

BOATING SAFETY TIPS

For safe and pleasurable boating, the Department of Natural Re-
sources’ Law Division offers the following safe boating tips:

1. Make sure your boat is properly registered and equipped for safety
each time before you start out onto the water.

2. Sharp high-speed turns and other reckless boating cause serious
accidents.

@

Learn the basic “Rules of the Road” on water, including proper
methods of crossing, meeting, and passing.

Life preservers aren’t much good unless you use them.
Standing in a boat can get you wet.

Watch the weather — it will always give you a waming!
Watch your boat’s wake — you are legally responsible for it.

Give the other guy a chance — stay at least 100 feet away from
docks, rafts, anchored and moored boats, swimmers and diver’s
flags — even farther if you are towing waterskiers.

9. Overloading your boat with too large a motor, too many people
or too much weight is the first step to disaster.

10. Riding on the bow or gunwale of your boat is dangerous and illegal.

@ NS T

USING THIS DIRECTORY

This boat launching ramp directory is designed to aid users of trailer-
borne boats, car-top boats, and canoes in locating places to launch their
craft. It also lists information concerning each Jaunch ramp and related
facilities, such as parking, toilets, etc. It should be used with a state
highway map as a guide.

The directory includes ramps on inland lakes, rivers and streams, and
the Great Lakes. Ramps may be within metropolitan areas or up to
30 miles from the nearest town.

Using the information provided, a boater can choose a launching
location based on a desired geographical area, an urge to explore new
waters, the size of the lake, or the quality of the boat ramp itself.

LAUNCHING V'3

EXPLANATION OF COLUMN HEADINGS

MAP NUMBER-This number refers to the location of the public access
site on the appropriate map near the tables of information.

SITE/WATER—-Most access sites have names. They usually are the
same as the name of the lake or other body of water which they serve,
but in some cases they are named in honor of prominent persons or
physical landmarks. The name of the water is also given.

WATER ACRES—Surface area, in acres, of the inland lake or impound-
ment. N/A means Not Applicable and indicates sites on the Great Lakes,
rivers and streams. CANOES indicates streams that are suitable only
for canocing, because of stream size or legislation.

NEAREST TOWN-Using a Michigan state highway map, this will be
the town nearest the facility. In some cases, this will be in an adjacent
county. In many cases, you will have to ask directions from the local
townspeople to find the access site. Also, watch for Department of
Natural Resowurces signs indicating turns and distances to access sites.

RAMP CODE-This number tells what type of launching ramp the site
user can expect to find at the access site. The numbers mean:

1 — A hard surfaced ramp with sufficient water depth to accommodate
all trailerable watercraft. (Minimum water depth of 2% feet at
20 feet out from shore.)

2 — A hard-surfaced ramp, in areas of limited water depth, where
launching and retrieving of largest watercraft may be difficult.

3 — A gravel surfaced ramp, suitable for medium-sized and smaller
boats only.

4 — A launching area suitable for car-top boats and canoes only.

TOILETS—“Yes” indicates a public toilet is either at or near the access
site. “No” means a toilet is not available.

SPECIAL SITE RULES—To prevent misuse of boat launching facilities,
it has been necessary to make and enforce rules to insure that the
access sites are used for their intended purpose, namely recreational
boating. The letter code for these rules is as follows:

A — Site is closed 11 p.m. to 4 a.m. No camping, swimming, or loitering.
No parking in areas so designated.

B — Site is closed 11 p.m. to 4 am. No camping. No parking in area
so designated.

C — No camping. No parking in areas so designated.

D — No swimming, wading, or loitering from 9 pm. to 7 am. Nc
camping at any time. No parking in areas so designated.

E — Site is closed 11 p.m. to 4 am. From 9 pm. to 7 am.: No swim-
ming, wading, or loitering. No parking in areas so designated.

F — A fee is charged for using this facility.

G — Site open 8 am. to 10 p.m. Motor vehicle permit required.

H — Site open 8 am. to 10 p.m. No motor vehicle permit required.

SPECIAL—-One or more of the following apply: parking fee, launching
fee, closing hours, closing dates. Rules posted at the site.

SPECIAL WATER RULES—In addition to the general boating regu.
lations of Michigan, it has been necessary to make rules to control certair
boating activities on some bodies of water. The number code means:

1 — Water skiing and high speed boating permitted 10 a.m. to 6:3(
p.m. only.

2 — Water skiing and high speed boating prohibited on all or part of
the body of water.

3 — No wake speed in certain areas—check locally.
4 — No motorboats allowed.
5 — No motorboats allowed in certain areas—check locally.
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1 |Sand Lake 440 | Clinton 3[Yes|] A — 5 wWw
2 |Allens Lake 63 | Cambridge Junction| 3| Yes| B 1 15 T ww
3 | Devils Lake 1,330 | Manitou Beach 1}Yes C — 45 | Ww
4 [Wamplers Lake 780 | Springville 1] Yes G — —150‘1 SP
5 |Round Lake 65 | Springville 3|Yes| G 2 10 | sp
6 | Deep Lake 65 | Cambridge Junction 3] No — 1 10 [ wD
7 | Gne Mile Lake 29 | Cambridge Junction| 4] No| — — | 10 | WD
IO:HNGS.TON
KGROVEO” @ MONROE
QO FOWLERVILLE l 0
8 |Hoffman Memorial
(Lake Erie) N/A | Monroe 1] Yes C 3 50 | wWw
9 | Whiting Plant : '
(Lake Erie) N/A | Erie 4| Yes C — 20_ ww
10 {Halfway Creek
STOCKBRIDGE (Lake Erie) N/A | Ene 1{Yes] C 3 22 | wWwW
11 | Sterling
(Lake Erie) N/Aﬁ Monroe 1] Yes G — |10 | sp
12 |Pointe Mouillee
. - (Mouillee Creek) | N/A | South Rockwood 3{ No — — 10 | wD
o - a . -~ T A g 13 |Hellenberg Field
5 szzas [#F §5 N is f’ : Raisin River) | N/A | Monroe Yes] — | — | s0|ciy
£ §£ 53 x < s~ §5/° /a2 /&8 /a E 14 |Otter Creek
< M A < (Lake Erie) N/A | LaSalle 4 No| € 3 6 | ww
EI'E—I'i}bd 1! Lak 492 | Argenti 3y C 15 | ww WASHTENAW
Rt [gentine e = 15 TBruin Lake 145 | Unadilla 3[Yes| 6 [ — | 8 [5P
2 | Lake Fenton 845 | Fenton 1]VYes A 50 1 Ww T ep
T]olloway Reservoir | 954 | Otisville 1| Yes — 85 [County 16 |Crooked Lake 50 | Hell 3] Yes G — 4| s
Tﬁluegill 17 |Half Moon Lake 30 | Hell 11} Yes G - 34 1 Sp
(C.S. Mott Lake) 11,200 | Genesee Yes| Speciall — | 150 |County 18 | South Lake 193 | Unadilla 2| Yes| — - 4] 5p
"5 Uake Ponemah | 424 | Fenton Yes| A — | =1 ww 19 |CedarLake | 76 | Waterloo 3 No| — - 4| Sp
- T 20 | Ford Lake 1,050 FYpsilanli B 1] Yes — — 50 JJYRO
LIVINGSTON 21 |Winnewanna Lake-
—Gjr‘take Chemung | 321 | Howell T3[Ves] A& | — | B3 ww East 500 | Waterloo 3/ NoJ — | — | 6]SP
7] i — 22 |Winnewanna Lake-
7 {Lrooked Lake 252 | Brighton _ 2ive ¢ 20 | ww West 500 | Waterloo 3ves] — | — | 5|sp
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9 | Whitmore Lake 677 | Hamburg 2iYes| A — 50 | wWw . =
— e - 24 | Mill Lake 163 | waterloo 3| No — — 12 | SP
10 | Bishop Lake 119 | Brighton 21Yes] G — 20 [ SP
-t S 25 |Green Lake 150 | Chelsea 3| No — — 10 | SP
11 | Appleton Lake 56 | Brighton 2 |Yes G — 51 SP -
51 - 26 |Four Mile Lake 256 | Chelsea 3| Yes| — - 15 | WD
12 | Goose Lake 29 | Brighton 3| No| — — 10| Sp :
ETRET - 27 |Portage Lake 644 | Pinckney 1|Yesj — — 20 | SP
13 [Pike Lake 29 | Brighton 4] No — — 51 sp :
- : 28 | North Lake 200 | Unadilia 1{Yes] — — 10 | SP
14 | Murray Lake 23 | Brighton 3iYes| — — [ (A ] sP - -
15 [Hitand Lake 20 1 Hell TNl — — =1 5p 29 |Sullivan Lake 18 | Unadilla 3} No| — - 4 | SP
16 T Duck Lake 17 1 Pinckney TNl = — 20T WD 30 [Joslin Lake 180 | Unadilla 3| No — — 8 | Sp
i_lndian Lakes 80 [ Dak Grove 71 No — — 7 T wo 31 [Sugarloaf Lake 205 | Waterloo 11 Yes G — () | SP
18 tyre Lake 11 | Gregory 4[No}] — - 5| WD (A) Ramp for use by campers only. No separate parking.
18)  .lake 19 | Brighton 3| No G — 5] SP
(A) Ramp for use by campers only. No separate parking.
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ALE 000

s 1 MILE ROAD CLASSIFICATION
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t_:%)o:—aioo 5000 60 70]00 FEET Heavy-duty _—  Lightduty P

0 1 KILOMETER . . .
= = Medium-duty — e Unimproved dirt -c-o---___
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< IN ERVAL 5 FEET D

L MEAN SEA LEVEL % Interstate Route D U.S. Route O State Route
.5 IN FEET—DATUM 1S RIVER SURFACE AT .

JT.CLAIR 571.7 AND LAKE ERIE 568.6 MICHIGAN

QUADRANGLE LOCATION WYANDOTTE, MICH. — ONT.

NATIONAL MAP ACCURACY STANDARDS N4207.5—W8307.5/7.5
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State Atlas

YOUR GUIDE TO:
e Vacationing
- e Fishing
_® Hunting
e Boating
e Winter Sports
- ® Historical Attractions
. ® Camping
e Golfing
~® Motels - Restaurants
_® State and National Parks
e Riding - Hiking
e Waterfalls
e Canoeing
e [akes |
_® Cities - Towns - Villages
_® County Maps
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